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Abstract 

Background: Local Ecological Knowledge (LEK) of traditional fishernnen nnay be the only source of infornnation 
regarding the conservation of the marine ecosystem and its endangered species. One of these species is Epinephelus 
itajara, which can exceed 2 m in length and 400 kg weight, is classified by the lUCN as a critically endangered. In 
Brazil, there is currently a moratorium that prohibits the capture of this specie, and in the northeastern coast, a Marine 
Protected Area was recently established properly justified by the existence a one spawning aggregation. The scope of 
the present study was the analysis the LEK of fishers with the goal of contributing to the conservation of £ Itajara. 

Methods: The Knowledge of 24 "experts" was recorded through semi-structured interviews with fishermen selected 
based on their expertise. LEK regarding some aspects of the life history of £ itajara, such as its morphology, spatial 
distribution, feeding, breeding and conservation, was systematized. The interviews were conducted in synchronic 
and diachronic situations. The data analysis followed the model of unity of the various individual skills, while the 
consistency of the analysis was tested using a matrix of methods employed in comparative cognitive science. Potential 
reproductive aggregation sites were identified by experts through projective interviews conducted based on a 
cartographic database and transferred to a geographic information system (GIS). 

Results: The LEK of these specialists in relation to the biological and ecological characteristics of £ itajara showed a 
high level of detail and a high agreement with the scientific literature. Projective interviews are presented as a promising 
tool allowing spatialization of the information generated through the registration of LEK. Therefore, the visualization of 
information from the fishermen, as well as its analysis and comparison with other databases, is simplified, thereby 
contributing to the decision-making process concerning the conservation of marine ecosystem in Brazil. 

Conclusions: Integration of LEK with scientific knowledge is an efficient strategy for the conservation of endangered 
species, as it provides important additional biological information that can be used in the process of participative and 
sustainable management of marine resources. 

Keywords: Epinephelus itajara, Local ecological knowledge. Reproductive aggregation. Endangered species. Marine 
protected areas 
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Resumo (Portuguese) 

Introdugao: 0 Conhecimento Ecologico Local (CEL) dos Pescadores artesanais pode ser a unica fonte de informagoes 
relativas a conservagao do ecossistema marinho e suas especies ameagadas. Uma destas especies e o Epinephelus itojoro, 
podendo exceder 2 m de comprimento e 300 kg de biomassa, sendo que, e classificado pela UlCN como Criticamente 
Ameagada de Extingao. No Brasil existe atualmente uma moratoria proibindo a captura desta especie, e no Litoral 
Nordestino, uma Area Marinha Protegida foi recentemente decretada com a justificativa da existencia de uma de suas 
agregagoes reprodutivas. 0 objetivo do presente estudo foi analisar o CEL dos Pescadores para contribuir com a 
conservagao do £ itojoro. 

Metodologia: 0 Conhecimento de 24 "especialistas" foi registrado atraves de entrevistas semi-estruturadas com 
Pescadores selecionados por reconliecida experiencia. 0 CEL foi sistematizado em relagao a alguns aspectos da 
liistoria de vida do E. itajara, tais como: morfologia, distribuigao espacial, alimentagao, reprodugao e conservagao. 
Para verificar a validade das respostas recorreu-se a entrevistas repetidas em situagoes sincronicas e diacronicas. A 
analise dos dados seguiu o modelo de uniao das diversas competencias individuals, e sua consistencia foi testada 
com a construgao de uma matriz de cognigao comparada. Possiveis locals de agregagao reprodutiva foram indicados 
pelos especialistas atraves de entrevistas projetivas realizadas sobre uma base cartografica e transferida para um sistema 
de informagoes geograficas (sig). 

Resultados: 0 Conhecimento Ecologico Local destes especialistas em relagao aos aspectos biologicos e ecologicos do 
E itajara demonstrou alta correspondencia e um nivel refinado de detalhamento com a literatura cientifica especializada. 
As entrevistas projetivas se apresentam como ferramenta promissora, permitindo espacializar as informagoes geradas 
pelo registro do CEL Assim, a visualizagao das informagoes provenientes dos Pescadores, sua analise e comparagao com 
outros tipos de base de dados sao facilitadas, contribuindo para o processo de decisao relativo a conservagao dos 
ecossistemas marinhos no Brasil. 

Conclusao: A integragao do CEL com o conhecimento cientifico pode ser uma eficiente estrategia de conservagao 
para especies ameagadas, ao adicionar informagoes biologicas importantes para um processo participativo na gestao 
sustentavel dos recursos marinhos. 



Background 

Popularly known as "goliath grouper", Epinephelus ita- 
jara is one of the largest Epinephelidae fish. This species 
can exceed 2 meters in total length and a weight of 
400 kg during its lifetime expectancy of approximately 
30 years [1-3]. The species area of occurrence comprises 
coastal waters of the Atlantic Ocean, between Florida 
and southern Brazil (western shore) and between 
Senegal and the Congo (eastern shore) [4-6]. Some char- 
acteristics of this species' life history and behavior 
increase its vulnerability to exploitation, especially spear- 
fishing, such as: (i) slow growing with delayed maturity 
(can reach 37 years in age and maturing between 5 to 
7 years, at 1 m total length) [7,8]; (ii) territorial fidelity 
(juvenile fishes live in mangroves and during adulthood 
is usually found on the continental shelf (<80 m) [9-15]; 
(iii) formation of spawning aggregations during the mat- 
ing, (despite its solitary behavior, forming reproductive 
aggregations in specific areas and periods) [15,16]; (iv) 
show curiosity and fearlessness in approaching divers 
[17,18]. 

E. itajara is currently one of the most endangered 
fishes in the tropical Atlantic. The species is classified as 
critically threatened with extinction, as its population has 
experienced a rapid decline [19,20], old photos corroborate 



reports regarding the capture of large specimens in 
places where fisheries used to be abundant until the 
decade of the 1990 's (Figure 1). Fishing of goliath grouper 
has been banned in U.S. waters, the Gulf of Mexico and 
the Caribbean [2,16,21]. In Brazil, a moratorium that pro- 
hibits the capture of "mero" (Brazilian common name) 
until the year 2015 is currently in force; this period has 
been designated to allow the completion of research and 
projects that can support a national policy for the conser- 
vation of the species [22,23]. However, to be effective, this 
policy should consider supervision and management mea- 
sures, such as the establishment of closed seasons and of 
Marine Protected Areas (MPA) [8,24,25]. 

In searching for a solution to the lack of technical 
information to preserve the marine ecosystem and its 
endangered species, scientists have been finding that 
the knowledge accumulated over generations by local 
fishermen can provide alternative useful source of data 
[26-30]. As fishermen must have knowledge of the varia- 
tions in the environmental and biological cycles of fish 
resources, they often identify reproductive aggregations 
before scientists are able to [31-34]. The use of Local 
Ecological Knowledge (LEK) can assist in the planning of 
MPAs, as it provides information on the seasonality, 
quantity and size of individuals, as well as reproductive 
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Figure 1 Captures in reproductive aggregates. Captures in 
Reproductive Aggregates in lllieus, in tine 90's (Plioto: Demostenes 
Berbert Filho). 

J 



behavior and changes over time in the status of aggre- 
gates [35-38]. 

The few existing studies on E. itajara in Brazil have re- 
sulted from initiatives related to recording LEK based on 
reports from fishermen and divers, nevertheless, data in- 
dicate possible aggregation sites justify the creation of a 
MPA and supports another being currently considered 
[17,18,23,39]. The effective conservation of this species 
requires that more than a single aggregation is pro- 
tected such that their reproductive success in ensured 
on study area. Therefore, for implementation of an 
MPA and the purpose of E. itajara conservation it s ne- 
cessary trustworthy information to an efficient decision- 
making process. 

The goals of this study contribute for this process to 
analyze fishers' LEK on E. itajara in respect to morph- 
ology, spatial distribution, feeding, breeding and conser- 
vation. In addition the fishermen also identified possible 
sites of spawning aggregations through projective inter- 
views, this maps were transferred to a Geographic Infor- 
mation System (GIS) and serves as a tool to define 
strategies for the purpose of E. itajara conservation. 

Methods 

Study area 

The city of Ilheus is located along the southern coast of 
Bahia, Northeastern Brazil (between meridians 39°00' 
and 39°30' W and parallels 14°20' and 15° 00' S) (Figure 2). 
The climate is characterized by a general pattern of at- 
mospheric circulation related to the movement of the 
Divergence Zone of the South Atlantic high pressure cell. 
There are preponderant N and NE winds from October 
to March (summer) due to the Tropical Atlantic Mass 
and S and SE winds that occur most frequently from 
April to September (winter) according to the Atlantic 



Polar Front, as well as E trade winds that predominate 
periodically throughout the year [40-42]. 

The coastline of Ilheus extends for approximately 
80 km between the rivers Sargi to the north and Acuipe 
to the south [43]. The continental shelf in this region is 
relatively close to the 50 m and 200 m isobaths, which 
are located approximately 16 km and 17.5 km from the 
coastline, respectively. Sand and carbonatic mud is the 
predominant sediments close to various rocky outcrops 
and the continental shelf. Reef formations are present 
along the southern coast of Ilheus [44]. 

The continental drainage system in the study area is 
mainly associated with the confluence of the Cachoeira, 
Santana and Fundao Rivers, which constitute the estuar- 
ine system of Pontal Bay. Other rivers also contribute to 
the process of coastal dynamics, such as the Almada 
River, which is located in the northern zone, and the 
Cururupe River, in the southern zone [45,46]. 

In front of Pontal Bay contains a large rocky reef that 
outcrops in some places, thereby forming "ilheus" (islets 
on Portuguese), where the seabed extends from depths 
of 5 to 15 m. One E. itajara aggregation sites are located 
on this reef, which stimulated the creation of the MPA 
recently (Figure 2). 

Currently in Ilheus, there are two fishing colonies in 
the city: Z-19 and Z-34. The Z-19 colony was founded 
in 1921 and currently has 14 boats used for transporta- 
tion in the colony. This colony includes approximately 
1,500 members, 300 of which are active. The Z-34 colony 
was founded in 1947 and currently includes approximately 
3,500 members, some of whom come from neighboring 
districts, including fishermen who work at sea, inland and 
in shellfish gathering in tidal waters. 

The fishing conducted in study area is particularly arti- 
sanal due to the commercial production of small boats 
and with technological gap, which restricts activity on 
the continental shelf [47-49]. In relation to fishing gear, 
dominate the bottom line and logline used near to rocky 
substrate, for they are related to capture of large spe- 
cies with high commercial value such as groupers and 
snappers [49-51]. 

Data collection and analysis 

Data were collected in the Z-19 and Z-34 colonies, 
whereas landing points were investigated in Sao Miguel 
and Ponta da Tulha neighborhoods, as the latter loca- 
tions were used by local fishermen for trading activities 
and social gatherings and were close to their homes 
(Figure 2). Respondents were selected based on their 
expertise in overall fishing at this region [52-54], i.e., 
people who were renowned as culturally competent in 
their communities. Each of the presidents of the Z-19 
and Z-34 fishing colonies indicated the three most expe- 
rienced fishermen (informers), who indicated another 
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Figure 2 Study area. Location map of the city of lllieus - Baiiia, witli points selected for tine conduction of interviews (triangles) and the area 
established by legal act as a Marine Protected Area (Circle). 



three informers and so on. Fishermen who were indi- 
cated more than once (n > 2) were therefore classified as 
experts and invited to participate in the study (Figure 3). 
Every expert was interviewed individually after they were 
introduced to the objectives of the project with the 
aid of a semi-structured questionnaire that was devel- 
oped to facilitate systematization and analysis of data. 
All interviews were recorded with prior consent of 
the informants. This project is registered by the Ethics 
Committee, number 099/07, of the Estate University of 
Santa Cruz, Brazil. 



To verify the consistency and validity of the responses, 
interviews were applied in synchronic and diachronic sit- 
uations. The first type of interviews involve putting the 
same question to different people at times that are quite 
close to each other, whereas the second type involve re- 
peating the same question to the same person at differ- 
ent times [55-58]. The data analysis followed the model 
of integrating different individual skills [55], during 
which all information obtained in the interviews was 
considered. Information on morphological characters, 
spatial distributions, feeding, breeding and conservation 
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Figure 3 Selection of experts. Type of network information used for the selection of fishermen regarded as "experts" by members of the Z-19 
and Z-14 fishing colonies. 
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were compared. For the purpose of analyzing the con- 
sistency of local knowledge, comparative cognition tables 
were elaborated; the tables display information from 
fishermen and data from the scientific literature on the 
species side by side [58,59]. 

In addition to reporting some aspects of the life his- 
tory of goliath grouper, the fishermen also identified 
possible sites of reproductive aggregations through pro- 
jective interviews conducted on a cartographic basis 
[60]. The cartographic basis employed in the projective 
interviews was planned from the 1210 Nautical Chart 
[61]. Using this technique, information about the loca- 
tions of known reproductive aggregation sites and places 
where captures have occurred was obtained. The result- 
ing maps were transferred to a Geographic Information 
System (GIS) data base, where sites with a number of ci- 
tations greater one (n >2) were considered as "potential 
sampling points" and classified according to the fre- 
quency of citations to be verified in situ. 

To verify whether the number of interviews was satis- 
factory in relation to the locations referred to as hosting 
potential reproductive aggregations of E. itajara, a cu- 
mulative curve was produced. The data were random- 
ized 500 times to abolish any influence of the interviews 
to avoid interfering with the pattern of the curve [62]. 

Results and discussion 

Profile of expert fishermen 

A total of 63 informants were registered, of which 33 
were classified as experts, depending on the frequency of 
indications. Interviews were conducted with 24 experts, 
11 of which came from Z-19 colony and 13 from Z-34 
colony. Although at least three contacts were established 
with every selected fisherman for the purpose of build- 
ing a reliable relationship, the reluctance of some of 
these individuals to provide information may be ex- 
plained by the fear that the information would be used 
to justify regulatory or punitive measures. The situation 
could be aggravated by matters regarding endangered 
species legally protected, such as E. itajara. 

The age of the interviewed fishermen ranged from 29 
to 85 years, and their average age was 54 years. Over 
70% of the interviewees learned to fish with their fam- 
ilies, while the others learned from highly experienced 
older fishermen (Table 1). Information about the envir- 
onment and its resources, as well as how to deal with 
them, is culturally transmitted [55]. The fishermen's 
knowledge comes from their daily life and experiences 
shared from generation to generation [63] . 

The education level of the study population was 
low: 75% had not concluded elementary school, and 
12.5% were illiterate. These data are similar to find- 
ings from studies conducted both in the coastal re- 
gion of Bahia [50,64,65] and other regions of Brazil 



Table 1 Profile of experts 


Time of fish experience 


Number 


Frequency (%) 


11-20 years 


3 


12.5 


21-30 years 


10 


41.7 


31-40 years 


5 


20.8 


41-50 years 


2 


8.3 


> 50 years 


4 


16.7 


Age class 






< 40 years old 


3 


12,5 


40-50 years old 


8 


33,3 


51-60 years old 


5 


20,8 


> 60 years old 


8 


33,3 


Initiations on fish 






Family 


17 


70.8 


Others 


7 


29.2 


Education level 






Illiterate 


3 


12.5 


Elementary school incomplete 


18 


75.0 


Elementary school 


2 


8.3 


High school 


1 


4.2 


Income source 






Only fish 


18 


75.0 


Fish and retirement 


6 


25.0 



[66], where most of the interviewed fishermen had an 
incomplete elementary education, and the others were 
illiterate or presented low education levels. According 
to several authors, the acceptance of local knowledge 
by scientists and managers is often limited by this 
socio-cultural barrier because they see this knowledge 
as a collection of superstitions and beliefs that are 
unreliable due to the lack of schooling of the people 
who hold them [59,67]. 

The source of income and financial support for 
66.7% of the expert fishermen solely comes from the 
fish caught, while the others are retired due to old 
age, and fishing only complements their family in- 
come (Table 1). The respondents do not engage in 
other economic activities, as they are highly experi- 
enced and have skipper credentials. In contrast, sev- 
eral studies report that fishermen participate other 
economic activities in periods of low productivity, 
which are related to trade, civil construction, agricul- 
ture and service provision [50,68]. The different in- 
come sources recorded in the results presented here 
and in other reports can be again explained by the 
criterion adopted to select informants, as the most 
experienced fishermen are generally accredited as 
masters, which gives them economic advantages in 



Ferreira et al. Journal of Ethnobiology and Ethnomedicine 2014, 10:51 
http://www.ethnobionned.conn/content/1 0/1/51 



Page 6 of 1 5 



the fishing industry. Some fishermen make their Uving 
solely from fishing, as they are acquainted with differ- 
ent fishing methods and strategies to collect other 
marine resources. In this study, all of the respondents 
were fishermen who use bottom lines as their main 
fishing gear; however, approximately 1/3 of them 
make use of other types of fishing gear at times when 
the "fish do not eat" (reduced capture), or when the 
oceanographic conditions are not favorable for angling 
(Table 2). 

According to 100% of the interviewed fishermen, 
the seasonal variation in the region is defined solely 
in terms of summer and winter, and the difference is 
related to the direction and intensity of both wind 
and ocean currents. Despite the adversity reported in 
winter, when there are strong winds and high waves, 
it is the preferred time of the year by 83.3% of the 
experts with greater commercial value (Table 2). 

"Because the water stops running and we can catch 
more bottom fish!' 

Others authors [59] have analyzed traditional know- 
ledge concerning aspects related to the temporal and 
spatial distribution of fishing resources and found that 
the fishermen also understand "winter" and the "sum- 
mer" as the two main seasons affecting the abundance 
of fishing captures. 

The time spent regarding the average duration of a 
fishing trip ranges from 5 to 8 days for most fisher- 
men (58.3%), due to the short operating range of 
small motorboats, related to the capacity for storing 
ice, food and fuel. The boats of Ilheus are still small 
and poorly equipped, hence hindering long-distance 
and deep water fishing, i.e., at depths greater than 
200 meters [48,51]. 



Table 2 Fishing characterization 



Time spent to a fishing trip 


Number 


Frequency (%) 


1 day 


4 


16.7 


2 to 4 days 


2 


8.3 


5 to 8 days 


14 


58.3 


Fish no more 


4 


16.7 


Fishing gears 






Only bottom-line 


16 


66.7 


Bottom-line/gillnet 


3 


12.5 


Bottom-line/gillnet/Log-line 


3 


12.5 


Bottom-line/shrimp-trawling 


2 


8.3 


Seasonal preference 






Winter 


20 


83.3 


Summer 


4 


16.7 



Analysis of local ecological knowledge 

E, Itajara is popularly known as "mero' on the Brazil- 
ian coast [18,22], the fishermen of Ilheus call this 
species " mero-canapu \ because the term "mero' is 
also used to classify other fishes of the Epinephelidae 
family. The designation "mero-canapu" was also re- 
ported by submarine hunters in the same city [17]. 
Only one expert reported a different nomenclature 
for the species, used when the fish presents yellowing 
or white coloring, which was "mero-flor-de-argodao" 
{Cotton Flower Mero), However, no other interviewee 
confirmed or reported knowledge of such a designa- 
tion. Some also refer to this species as "merete" when 
it is a juvenile (small). According to Gerhardinger 
et al, [39], knowing the designation adopted by 
fishermen to refer to E. itajara is fundamental to the 
entire research process to ensure that both the 
researcher and the interviewee refer to the same 
species. 

The constructed matrix of comparative cognition con- 
tains systematized information on the ecology of Epine- 
phelus itajara with excerpts from interviews conducted 
with expert fishermen (Table 3). By comparing the infor- 
mation provided by experts with the available scientific 
literature, similarities can be noted between the two 
sources of knowledge. 

According to the interviewed fishermen, there is only 
a single species or variety of E, itajara on the coast of 
Ilheus. This taxonomy can be considered as presenting a 
1:1 correlation, i.e., when a single traditional generic 
taxon refers to a single scientific species [69]. The main 
criterion used by all 24 expert fishermen to describe 
mero was analysis of colour and body size (Table 4). 
Other citations refer to the head shape and the size of 
the mouth and scales, while only one mentioned the 
colour of meat (white) but related to an economic 
concern. 

Most of the respondents (75%) did not identify 
sexual dimorphism in agreement with the available 
studies [70-72], and 20.8% could only identify the 
sex of the fish through visualization of the gonads 
(Table 4). Only one interviewee described morpho- 
logical differences between males and females. Some 
species of fishin sex can be distinguished externally by 
color differences or by distinctive behaviors, although 
others species females may become so swollen with eggs 
[72]. 

"The female is always larger; from the umbilicus 
down it is paunchier than the male, and colour is 
the same" 

The maximum weight of Mero-canapu observed and/or 
captured by the expert fishermen when fishing of this 
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Table 3 Matrix cognition compared 



Local ecological knowledge 



Scientific literature 



Morphological characteristics 



'The mero-canapu have thicker scales, spurs, all thicker. It has the 
eye niggling, which is more darker brown then whiting and a little 
yellowish beneath the tip." 

"Big fish, the scales black with yellow and white flesh, round head" 



"He lives there, walks in the depth wall, is not a fish to walk so far 
on deep waters do not. He lives in the place that has a hole he is 
there, into those places of stone, is a bottom fish." 

"On the stone edge, 50 m depth to around here. It's fish that lives 
in rock, very dens, localized at the bottom near the dens." 

"Experience in the rocks from outside and near the beach. In the 
stone which dens, is a bottom fish. The smaller (2-3 kg) we caught 
in the river back here (Almada River), 30 kg onwards is out there 
with 35 to 60 m deep." 

"Find it in shallow and deep, but is created in the shallows" 



" Eat all because it is a larger predator, eats octopus and various 
fish: tuna, small snappers and parrotfish, up when the animals 
already greater." 

'The juvenil eats the same thing only smaller fish that takes" 

'The small eat shrimp." 

"Come to shallow to spawn and then back to the depth" 
"The spawn is usually on the half moon ..." 

"In Itacare is spawning nest of them, once the boats took 5-6 a 
day. I even took three a day and three in another. In April and May 
we took there more than a hundred fish." 



Habitat 



Diet 



Individuals of this species can be distinguished by morphological 
characters as small eye, wide mouth and coloration of the adult 
green with dark spots and bright [5,70]. 



Great copolymers are probably sedentary ... they display little 
movement between reefs [14]. 



In his adulthood, is usually found in shallow waters of the continental 
shelf (<50 m) associated with various types of substrate, such as reefs, 
rock formations, shipwrecks and other similar structures [14,15]. 



The mangroves of the Florida, youth individuals gather in places 
with high structural complexity and unconsolidated funds [12]. 



The more important part of their diet is crustaceans, preferably 
lobster and crab, although fish and turtles were also found in their 
stomachs [2]. 

Juveniles eat shrimp, crab and catfish [14]. 



Reproduction 



In Florida the goliath grouper breeding season is occurs from 
August to September, in time of full moon [7]. 

In Belize and Puerto Rico have been recorded from July to August 
on the wreck to 30-45 m depth [2]. 



Conservation 



" The mero came to llheus reef, in a place near the river where the 
young is so much more guarded and more food." 

" Without spearfishing, it used to live longer, and it was just bigger, 
while today it reaches 70 or 80 kilograms and is shipped in large 
quantities." 

"Who is beaten gets to learn, is not it! the fish going harpoon and 
receiving fish hook, is decreasing production. Many arts, include 
gillnet, also becomes more difficult to fishing." 

"In handle bottom- line is rare, in shrimp trawl caught from time to 
time, and the diver kills everything." 

"You can be the net both to trawls and lobster, if started a few years 
back here. The fishnet destroys the stone from the bottom where 
small fish hide, and the great escape because it has little to eat." 

"It's not ending, and the population must have increased with the 
prohibition. That is the logic, isn't it!" 



The E. itajara is one of the most endangered fish in the tropical 
Atlantic [20]. 

The main threats to E. itajara are anthropogenic, such as overfishing 
and habitat degradation [21]. 

In Brazilian waters, the ban has been implemented for 5 years, 
during which time studies will address future management 
options [22]. 

At aggregation sites off Florida numbers offish again following 
the moratorium capture is increasing [2]. 



species was allowed ranged from 48 to 300 kg (correspond- 
ing between 1.40 to 2.54 m in length) with an average of 
147 kg (2.01 m). Captures were made in the marine area 
indicated by the fishermen as the favorite habitat of E. ita- 
jara. All of the fishermen described the presence of adult 
fishes in areas of rocky substrate on the continental shelf, 



where food and shelter were abundant (structural com- 
plexity); the following statements corroborate the findings 
presented in the scientific literature [1,14]: 

"It lives in the rocks, but not everywhere, rocks near 
mud, on the bottom, " 
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Table 4 Local knowledge on zoology 



Morphological characteristics 


Number 


Frequency (%) 


Body size 


14 


58.3 


Staining pattern 


24 


100 


Head sliape 


8 


33.3 


Size of tine moutli 


3 


12.5 


Scales 


4 


16.7 


Sexual dimorphism 


5 


20,8 


Reproduction 






Summer 


13 


54.2 


Winter 


4 


16.7 


Through the year 


1 


4.2 


Did not respond 


6 


25 


Simultaneously capture* 


21 


87.5 



^captured more than a single individual in the same location and on the 
same day. 



"It's a rocky fish, in the bottom close to the rocks, and 
it eats on the mud too, " 

"A place with many stones, in the bottom where the 
fishes hide, it's their home. " 

According to 50% of the expert fishermen, adult and 
juvenile fishes are found in the same habitat (a); another, 
29.2% of the respondents reported that juveniles have a 
preference for shallower sites (b), and that 20.8% of 
these stated that juveniles live in both the sea and in riv- 
ers (c), whereas only one reported that they are only 
found in rivers (Table 5). The remaining 12.5% did not 
respond. 

"Where the adult is, the cub is too," (a) 

"Vve caught little fishes in the same spot, but the big 
ones are found in deeper areas," (b) 

"Cubs are found into the river, and also at sea, "{c) 

The juveniles with total lengths reaching 1.0 m (approxi- 
mately 18 kg) show a preference for the protected shallow 
water habitats associated with mangroves, which serve 
as shelter from predators and provide abundant food 
[11,12]. However, even the LEK which no associations 
were found in the literature can and must be comple- 
mented by scientific research for setting regulatory pol- 
icies, such as the creation of the MPA in the Western 
Solomon Islands [73]. About the presence of juveniles 
on the continental shelf outside of mangroves, should 
not be discarded but rather be evaluated in situ, be- 
cause the structural complexity of reefs can available 



Table 5 Local knowledge on environmental 


Habitat 


Adult 


Juvenile 


Marine 


100 


50 


Estuary 


4.2 


25 


Rock 


100 


66.7 


Mud 


8.3 


20.8 


Deep < 30 m 


25 


29.2 


Deep > 30 m 


100 


50 


Diet 






Fish 


100 


70.8 


Lobster 


37.5 


25 


Octopus 


29.2 


16.7 


Slirimp 


25 


20.8 


Did not respond 




29.2 


Displacement 






Foraging 


58.3 




Reproduction 


41.7 




Maturation 




20.8 


Predatory fisliing 


8.3 





shelter and food for some individuals in this stage life- 
cycle. Other research with LEK in southern Brazil, the 
informants were unable to differentiate locations where 
larger and smaller individuals are found [23]. 

With respect to the horizontal distribution of the spe- 
cies, displacement associated with different behaviors 
has been described to occur at the same depth and 
perpendicular to the shoreline. The most commonly ref- 
erenced type of movement, cited by 58.3% of the respon- 
dents, was characterized as foraging (d), followed by 
behaviors associated with reproduction (e) and with mat- 
uration (f), cited by 41.7% and 20.8% of the fishermen, 
respectively (Table 5). 

"Every fish moves to find food. Yeah, it moves from one 
place to another, but it lives in the same place, " (d) 

"He produces in the shallower rocks" (e) 

"The small one dislocates through the continent for 
deep, while the big one spawns in shallow rocks near 
the beach, " (e/f ) 

"When it gets adult, it goes and makes its own life, but 
it is born in shallow areas, (f ) 

According to Silvano & Begossi [30], fishermen from 
Buzios Island (Brazil) indicates that migration of Epine- 
phelus marginatus (a closely related species of the genus) 
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may be related to spawning aggregations, if fishermen 
did not mention such behavior, this remains an issue 
which deserves further investigation. It is suspected 
that the observed perpendicular displacement repre- 
sents an ontogenetic migration in the life cycle of the 
species [15]. Two experts also described dislocations 
of Mero-canapu due to predatory fishing: 

"Where have killed a fish the others runs away, " 

"They keep on coming to the shallow areas, hut they go 
to other rocks. Because have killed many fishes in the 
reef of Ilheus," 

All of the respondents classified the E, itajara as 
an efficient and opportunistic predator and its main 
prey are fish, lobster and octopus (Table 5). The 
same food items were described for juvenile individ- 
uals of this species, with only variations in size of prey. 
Great similarities between the food items exploited by 
E, itajara in southern Brazil described from LEK [39] 
were the authors compared with the results with stom- 
ach contents of systematic ichthyological studies per- 
formed in the northern hemisphere [2], which also 
corroborates this study. In the absence of biological 
studies, Silvano & Begossi [30] does a good discussion 
about the potential of fishermen's LEK to elaborate 
coastal food webs and their importance to understand 
ecological processes, such as cascade effects along the 
food chains which may be caused by the depletion of 
fishing stocks. 

"It eats the big fishes; it is greedy and has a horrible 
mouth, " 

"It loves eating lobster, octopus, and other fishes, such 
as the Yellowtail snapper and the horse-eyed jack, " 

The influence of the moon and temperature on the 
eating habits of E, itajara was also described by the ex- 
pert fishermen. According to the respondents, captures 
of E, itajara occur more often during the night and early 
in the day, depending on the temperature. During the 
new moon, the availability of live bait is reduced, as are 
the captures of most fishes caught using bottom lines, 
including Mero-canapu. Only two fishermen associated 
the full moon phase to the reproductive period of the 
species, thus corroborating the others studies performed 
in Brazil [17,39]. According to these previous studies, 
submarine hunters observe an increase in the abundance 
of fish associated with the full moon. 

"When the sun is hot, fishes do not eat; they look for 
cooler waters, " 



"When the moon is strong (full), fishes do not like to eat, " 

"Reproduction often occurs at the time of the half 
moon!' 

Concerning reproductive aspects, sometime in through- 
out the years of fishing activities the majority of fishermen 
(87.5%) witnessed a female E, itajara with mature gonads 
(Table 4). Most of the respondents said that it was during 
the summer, whereas five respondents provided differ- 
ent information: four said that reproduction occurs in 
winter, and one suggested that fish can reproduce through- 
out the year. 

"I cannot say when, but that fish does not reproduce so 
much, " 

"When fishes come from the cold deep waters, they just 
stay on the warm shallow waters for a little while; they 
spawn and leave, " 

"There were many eggs in summer, the season of 
reproduction, " 

Also there was no consensus among Buzios Island 
fishermen about the spawning season and the authors 
argue that disagreements may reveal new biological in- 
formation suggesting that E, marginatus may have more 
than one spawning season along the Brazilian coast [30]. 
Despite the existence of isolated reports, it is inter- 
nationally reported and accepted that E, itajara forms 
reproductive aggregations in summer, between June 
and October in the northern hemisphere [1,7,28] and 
from December to April in the southern hemisphere 
[17,18,23,39]. In Puerto Rico, goliath grouper post-larvae 
(15-18 cm) have been captured next to mangroves at the 
end of summer, indicating that summer is their repro- 
ductive period [10]. 

Identification of reproductive aggregation areas 

Seasonal aggregations are common in many fish species 
and occur for such reasons as feeding, migration and 
reproduction. Remembering that species has solitary be- 
havior and territorial fidelity [1,2,15], the criteria for the 
identification of reproductive aggregation areas in this 
study are based on indirect evidences (number of indi- 
viduals captured), i.e. obtained from the recording and 
analysis of information from experienced fishermen. 
This criterion is used here because it is not possible to 
recover information regarding the stage of maturity of 
the gonads, as the fish he himself caught are usually sold 
intact to the fish market, and the most of fisherman does 
not examine its viscera [39]. When asked about spawning 
aggregation sites, 87.5% of the experts confirmed that they 
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had captured more than a single mero-canapu in the same 
location and on the same day (Table 4). 

"We often see the couple, but we also see 3 or 4 
together, " 

"In the past, the boats caught about S or 6 in a single 
day, I myself have caught 3 in a single day and 3 in 
the next day. 

In the absence of conclusive evidence, Gerhardinger 
et al also consider the criterion of numbers of E, itajara 
observed in same area is a strong evidence of a spawning 
aggregation with LEK [23]. According to Colin et al, 
[72], to identify a reproductive aggregation with indirect 
signs there are three main criteria to be observed: a sud- 
den increase in the number of individuals in a particular 
location, behavior and the physical characteristics of in- 
dividuals indicate a spawn period, such as patterns of 
color and a distended abdomen. 

Only three out of the twenty-four expert respondents 
could not perform the projective test. Two of the re- 
spondents fished on large ships along the northeastern 
coast and could not indicate the mero-canapu capture 
areas on the coast of Ilheus, while the other could not 
identify the areas on the map. However, the number of 
projective interviews that have been conducted to date is 
satisfactory, as the number of identified potential sam- 
pling points began to stabilize from the sixteenth inter- 
view on the cumulative curve (Figure 4). The use of 
projective interviews allowed 29 areas where E, itajara 
was captured to be identified, 12 of which were cited by 
more than one specialist and, therefore, are classified ac- 
cording to the frequency of citations and therefore consid- 
ered as sampling locations for later in situ verification. 
The vector ization of projective interviews resulted in the 



elaboration of a map showing the locations of capture 
points for the purpose of confirming or not if this is a re- 
productive aggregation sites (Figure 5). 

The value of a good map of the aggregation site is 
obvious to conservation endangered species always aim- 
ing in implementation of marine resource manage- 
ment plans, such as coastal zoning and designing MPA 
[30,35,36,73,74]. Finding spawning aggregations in wide 
marine areas is rare; in addition, the costs of diving 
equipment and boat transport are significant. The most 
feasible option is therefore the use of the Local Ecological 
Knowledge (LEK) of fishers [35,75]. In Babitonga Bay, 
southern Brazil, Goliath grouper aggregations and rela- 
tive abundances were described and mapped through the 
use of support the need for the MPA currently being 
considered [23]. In Ilheus, northeastern Brazil, the cre- 
ation of an MPA has been decreed justified by the ex- 
istence of E, itajara aggregation sites, the records of 
which were obtained solely from the LEK of former 
submarine hunters [17]. Aswani & Lauer [76] also pro- 
jective test used to identify the variation of the sub- 
strate and its associated fauna in the Western Solomon 
Islands. They considered correspondence between the 
surveys in situ and projective tests was good for many 
groups and added to the biological data should be used 
for MPA planning. 

However, scientific verification is necessary to confirm 
the occurrence of these aggregations (Figure 5) as well 
as to study their ecological interactions and correlate 
them with any environmental factors. To confirm a re- 
productive event several direct signs can be recorded, 
such as females with eggs or hydrated post-ovulatory folli- 
cles or observation of the release of gametes in the water 
column [77,78]. Unverified reports of possible spawning 
aggregations are still valuable, but the limits of the data 
must always be part of the reporting [72]. 
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Local knowledge on conservation 

The status of the population here was defined by the 
fishermen according to the temporal perception regard- 
ing the number of captured individuals. In most cases, 
the knowledge accumulated by local fishermen across 
generations is likely to be the only source of information 



about past conditions, considering the environmental 
changes and depletion of natural resources currently 
identified [26,29,31]. Among the experienced fishermen 
interviewed, 16.7% said that the capture of this species 
with bottom-line has always been rare, while 75% re- 
ported a large decrease in the number of E. itajara since 
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they became involved with fishery (Table 6). Conversely, 
8.3% believe that the current moratorium has allowed an 
increase in the population of mero-canapu to occur. 

"It is a hard to catch fish; its population is not 
decreasing; it only moves to different places, " 

"It's not ending, and the population must have increased 
with the prohibition. That is the logic, isn't it! 

"In the past, fishes were abundant. Three boats caught 
many fishes in a single spot. Today, no one can see 
that anymore, " 

Some authors argue [33,79], when to fishes that re- 
sources are more abundant than biologists think, the 
first can claims of the former are self-serving but biolo- 
gists have a responsibility not to dismiss such claims be- 
fore investigating carefully. In Brazil, despite the current 
moratorium fishing effort is continuous, so in some re- 
gions the LEK registered indicate the decline both in the 
number of individuals and in the size of the captured 
fish, such us in northeastern over the decades has been 
reported [17,18] and in southern where the informants 
recalled a "good old days" [23,39]. 

When asked about the effects of fishing gear types on 
the integrity of the population of E, itajara, all of the 
fishermen admitted having made use of bottom lines 
and explained that such equipment could not have af- 
fected the species, as their capture rates were low. In the 

Table 6 Local knowledge on conservation 



Population status Number Frequency (%) 

Always been rare with Bottom-line 2 8.3 

Decrease 15 62.5 

Increase 4 16.7 

Did not respond 3 12.5 
Impacts of fishing gear 

Gillnet 7 29.2 

Long-line 6 25.0 

Spearfishing 12 50.0 

Shrimp-trawling 3 12.5 

Increase of outsiders ships 11 45.8 
Conservation strategies^ 

Inspection 15 62,5 

Coastal zoning 5 20,8 

Fish closed season** 3 12,5 

Marine Protected Area** 7 29.2 

No have solution 4 16,7 



^recommendations from expert fishermen for the conservation of E. itajara. 
**assoclate to other strategies. 



opinion of 33.3% of the interviewees, trawls provoke im- 
pacts, whereas 83.3% consider spearfishing as the main 
practice responsible for the large decline in the popula- 
tion of mero-canapu in the region (Table 6). Even the 
old submarine hunters, interviewed by Reuss-Strenzel & 
Assun^ao [17], consider owning up activity to represent 
the main responsible for the mero-canapu population 
decline, as this practice is still furtively. The same decline 
was described in Tamandare [18], where the practice of 
spear fishing with scuba dive is an illegal activity but appar- 
ently quite common. According to 16.7% of the respon- 
dents, the population decline of this species is irreversible, 
as it is classified as threatened with extinction. 

"It's a fish we hardly catch,,, when using bottom-lines, 
the fish eats if it wants to eat, " 

"When it leaves the reef to feed on the mud, it is 
caught by the trawl; I myself have caught a fish 
weighting 170 kg in that way," 

"Diving is a predatory fishing method; you catch the 
fish so forced in its own home, " 

When the expert fishermen were asked to provide rec- 
ommendations for the conservation of E, itajara, 62.5% 
of the expert respondents suggested that effective in- 
spection by government agencies is necessary for fulfill- 
ment of the requirements of the legislation (Marinha do 
Brasil and IB AM A), especially the current moratorium 
and regarding the prohibition of spearfishing with the 
use of air compressors (Table 6). Additionally, 20.8% of 
the interviewees proposed the implementation of coastal 
zoning, under which each boat could only use marine 
resources in the federal state in which it was registered. 
Another regulatory measure proposed for 12.5% was the 
establishment of closed seasons for the protection of re- 
productive aggregations of mero-canapu during summer. 
Finally 29.2% support the establishment of marine pro- 
tected areas that enable the reproduction and growth of 
both the E, itajara as the other species of commercial 
fish that are also decreasing. 

"Boats from other regions must be prohibited, and 
fishes must have a free period for reproduction, " 

The most appropriate conservation strategy for E, ita- 
jara is the creation of an MPA that protects its repro- 
ductive aggregations [2,36,80], as the species becomes 
more vulnerable in this period, and the fishing effort 
concentrates in the areas where these aggregations occur 
[17,77]. In Brazil, the existence of E, itajara aggregation 
sites justified a creation of an MPA that was been de- 
creed [17] and another MPA currently being considered 
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[23]. In other countries have additional examples of 
spawning sites that have gained protected-area status 
through the interaction of traditional fishers and re- 
searchers [73,76,80]. Again, MPAs emerge as an effective 
strategy that encompasses both the conservation of en- 
dangered species and the recovery of commercial fish 
stocks by protecting breeding and growth [75]. Lester 
et al. [81] analyzing 124 MPA found that positive re- 
sponses (biomass, numerical density, species richness, 
and size of organisms inside MPA) are far more com- 
mon than in differences or negative responses, validating 
the potential for well designed and enforced reserves to 
serve the globally important conservation and manage- 
ment tools. However, Schiavetti et al. [82] evaluated the 
Brazilian MPA found that there are few of these areas 
implemented in maritime range (up to 12 nautical miles) 
and the majority of existing areas do not have the pro- 
tection of resources as the main goal. 

Nevertheless indeed many researchers have acknowl- 
edged that they learned of the existence of spawning ag- 
gregations from fishers, and this is just one of many 
reasons why LEK involved from the start in the design 
and planning of marine reserves see [24,74,80]. A neces- 
sary step to democratic discussion regarding the import- 
ance and effectiveness of MPAs is, according Gerhardinger 
et al. [83], all stakeholders (scientists, government author- 
ities, management councils and fishers) have a great deal of 
responsibility in integrating all the knowledge systems and 
thus have to follow ethical principle on the problem- 
solving. 

Our intention with the results presented here is to 
contribute to the conservation of endangered species 
and also the fishery management on the coast of Bahia, 
considering both the fishers' Local Ecological Knowledge 
and Marine Protected Areas. 

Conclusions 

The methodology used for the selection of experts, in 
which every informant indicated three other fishermen, 
proved to be notably efficient. Through analyzing data 
regarding the profiles of the respondents, it can be in- 
ferred that the interviewees were actually experts in fish- 
ing and reliable informants because even though their 
education level was low, they were highly experienced in 
the use of marine resources as their main source of in- 
come. Additionally, the knowledge shared culturally by 
their ancestors or older experts has contributed to their 
proficiency. 

The Local knowledge of these experts regarding the 
biological and ecological characteristics of E. itajara 
showed a refined level of detail and a high agreement 
with the scientific literature, thereby confirming the po- 
tential integration between these two knowledge systems - 
traditional ecological and scientific - that can be applied to 



the conservation of marine resources in Marine Protected 
Areas. 

The cited information for which no associations were 
found in the literature should not be discarded but ra- 
ther investigated to be reassessed and hence describe 
new behaviours and habits of this species. 

Despite the fact that fishing E. itajara is prohibited, and 
its capture with bottom lines is considered rare, according 
to the LEK analysis, a considerable amount of information 
about this species is strongly present in the collective im- 
agination, thus facilitating its use as a flagship species in 
the conservation strategy to protect marine biodiversity. 

Projective interviews are seen as a promising tool, as 
they enable the spatialization of information generated 
through the registration of LEK. Thus, visualization of 
the information provided by fishermen and its analysis 
and comparison with other types of data are facilitated, 
thereby contributing to the decision-making process 
concerning the implementation of an MPA. 

It is also necessary to confirm the existence of aggrega- 
tions in situ to assess the conservation status of E. itajara 
and to validate projective interviews as a reliable tool for 
use in studies involving reproductive aggregates of fishes. 

The point of Pedra de Ilheus, where was created a 
MPA and identified on the projective interviews, is the 
only confirmed aggregations of E. itajara, consequently, 
it is necessary to conduct research in this area to obtain 
more knowledge concerning the ecology and reproduct- 
ive behavior of this specie. 

Consent 

Each fisherman was interviewed individually, after knowing 
the objectives of this report, with previous authorization 
of the informants through a ''Consent Term Free and 
Clarified' to disclosure of information and pictures pro- 
vided. Due to the level of schooling of fishermen, most 
terms were consented orally in recorded interviews and 
only a few were written. This research own registration 
with the Ethics Committee in the State University of Santa 
Cruz, under the number 099/07. 
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